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How do we use visual information to accomplish aircraft
(or vehicular) control?




fesﬁesemh Genter

What features are most important to retain in a
simulated visual scene?
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Background

e Traditional Approaches

— Psychophysicsi — > “Action Happens:

— Manual' Controls » “RPerceplion Happens:
o Cumnient Approdch

— Combine traditional Psychiophysics methods: wiil
MianualContiol modeling

o Poicntiall Applications

— [Design: Stmulatervisualiscene, UAV: display, cockpit
EON/layoeut; airpori/eliport markings

— Analysisg Aceident imyvestigation




Traditional PSychophysics

o Describes the mappings, between physical
Stimulation: and Sensation/percepuon

o Detection threshold ROC curves

increasing /

discriminakion
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[Cimiits o radienal APpProdaci

o Data derived ironi perecepitial judgments
(Verbal), not visuomoior contiol

o Judgments, based on single stmulus cue
(€.2.. binocular disSparity, telaiive size)
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Perceptual Judgments, vis.
Visuomotioer Control

“The visual mechanismis! underlyimg pereceplion and Visuomoion

control can operaicimdependentiys =
= MilnerandGoodale: 1996

Titchener circles illusion:
“Byeiis looled, Hand 1s not™

Soelution: Actve Psychophysics™ — emerging discipline that
our work builds upon
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Single Stimulus versus Multiple Cues
(Example: IDistance)

o Taxonomicsioir depihrcucs long developed

— Bishop Berkeley: (18th century)
o Primary (Physiological)
o Secondany (Pictorial)

o Vietion(developedlaics)

s Cue Inicgration models tairly: recent

o Biitiner s Cuiting, 1956
o Viassaro & Cohen, 1993
o [Candy: Vialoneys, Johnston, & Young, 1995
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[Limits of Current Integration Miodels

o Primanily examine static depilipercepiion
— Static: motion cuesi seldomiineluded
— [Depths relative distance, not closune
— Perceplion: not control ol range / range rate
o Fail toriully characiciize micgration dynamics

— Quality’ ol inlormation, sout oi; nature of task, no

“VisuallCucnicgnation Modelmg™— emergimg discipline that
our work builds upon
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Manual Control

o Describes compensation human operaiorn
provides as, part o1 a contiol loop

s \Vehicler CHaraCieriStics, dffect iformation
e UEHerS Oy e iarn Operatoy
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Quick: [Laplace litonial

input i(s)

— Y(S)

output o(S)
—

[Description

[Caplace

Time

gl

Y(s)=K

o(t) = K i(t)

diftierentiation

NMOER

o(t) = dil(t)/dt

time delay

Y(s)=e""

o(t) = 1(t-1)

Inegration

MO ERYE

o(t) = ['1(t)dt
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Quick: [Laplace Tuteral (cont)

An integrator attenuates the input
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Human Openator Viodeling

Human Controlled
Operator Element

input _ error control

Operator charaClerstics, vary as aritncetion of the contiolled element
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Crossover Model

Human Controlled
Operator Element

input _ error control

The pilot will provide
Whalever compensation
1S necessary to yield an
open-loop pilot/vehicle
transier function that
resembles K/s in the

1/8 = integrator region of the open-loop
CIOSSOVEr irequency.

W, = gain

€ "= time delay
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Pilot Compensation Requitiements

— -ST
Y, Y, =we
S

Yp = Kp e>Ys

Yp = Kp e

—_— -ST
Yp— Kp S e
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Mianualf Conirel (Cont)

[Deseription [Example

Position Control Mouses tite angle to

i steering wheel
YC =K detilection

Velocity Control Alrenalt attitnde wy/

i SAS: vehicleheading
YC = K/s (o) steering wiheel
detiection

Acceleration Spacectalt

Control: ALt itude/poSItion

Y = K/s2 controls vehicle lateral
c POSItion to) Steering

wheel detlection
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Description

[Example

Position Control

Y. =K

Mouses tite angle to
steening wheel
deflection

displacement

2 3
time - seconds

Position Control

2 3
time - seconds
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Description

[Example

Velocity Control

Y.=K/s

Adrcratit attrtude wy/
SAS: vehicleheading
o) steening wheel
ceilegiio]

Velocity Control
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Acceleration Control

: — input
: —— response

Description [Example

-
c
o
E
]
o

3
o

@

©

2 3
time - seconds

Acceleration Control

Acceleration Spacectalt

Control: ALt itude/poSItion

Y = K/s2 controls vehicle lateral
o= A5 POSItion to) Steering Y

wheel defiection ' —

time - seconds
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Modeling Approacii

Human Controlled
Operator Element

input __ error control
; Yp " Yc
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Modeling Approacii

Human Controlled
Operator Element

. _ . control
Display perception|action ——» YC

T

ReEpreseni percepiion asta combination of vehicle
States

Combmatonry: weilghts are a function of visual cues

Resulting open-loop model should: still be
consistent with Manual Control characteristics
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[Longitudinal Position
Control 1rask

o Objective: determine visual scene characierisics
used fLor position conitol

— IDisplayss varied ground plane markings (Imes, grids,
dof texilnes)

— [Disiuibances: longiudmalivstlongiudimal 4 pitch

— Taskeimamiaim - longitudinal pesition (neycontrol oi
pitch)wathilightly=damped acceleration-control task




[Example Scene
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Scene Combinations
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Results

[dentitied modell accountiimg (o Scene percepiion

Strong evidence ol diierent cues tor position and
veloeity

Position pereeplion -> contaminated by, pitch

Velocity percepiion => piich contamination a
UnCciion ol ground markings
— NS ol splayamproye Periormance
— Dois Improye petoimance, noy as much as lines of
Splay
— Openatonsiappear to; use lower/outer cornens ol display;
IO VEIOCILY pEICEPLioN
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Pitch Attitude Control Task

o [nvense ol longitudmal position control:
control piich attitude i the presence o an
uncontroliablelongitudimal distinbance

o Withrand without visible horizon: (o)

o Rate-control Vs acceleration-control




/" Ames Research Center

Exampler Scene (o 1o0g)
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Scene Combinations
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Results

o The horizon 18 a great prichrattitde cue!

o Ground textune IMpLoOyes Velocity: Sensimg
and perionmance i the aceeleration control
task

o “Aligned™ iexdure (providimg splay cue)
IPLOVES PErOrmance mi theraceeleration
contnol task
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Conclusions

Important te consider task and' vehicle dynamics
when designing simulaied visual seenes

Scene texture, particulany: m: the near tield,
Supports motion detection

Conyvernsely, care must: be taken to prevent
iCmporal aliasing antiacts

[Langer tield-oi=-views helpr to support improved
distimction between positional and attitudimal state
chianges
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Future Plans

o Extend modeling techniques to)more
complex/coupled vehicle dynamics

o Exiend modeling iechniques (o) more
complex: Sceneny

o Examine visual motion detection and
MEHedSs 1o minimize ebjeciionable motion-
related simulator artitacts




